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Adiponectin has been shown to play a critical role in immunity. Recently, we reported that the
adiponectin levels after allogeneic stem cell transplantation were higher in recipients with
chronic graft-versus-host disease (cGVHD). However, the effects of adiponectin on extracel-
lular matrix (ECM) and regulatory factors in dermal fibroblasts remain unclear. We compared
the messenger RNA (mRNA) levels of collagen typel (COL1A), fibronectin 1 (FN1), matrix
metalloproteinase (MMP)1, MMP3, tissue inhibitor of metalloproteinase (TIMP)1, TIMP3,
transforming growth factor-g§ (TGF-B), and TGF-§ receptor 2 (TGF-BR2) in human normal
dermal fibroblasts cultured with and without adiponectin, and we assessed the degree of syn-
thesis of ECMs by immunofluorescent microscopy. Furthermore, we also assessed these mRNA
levels after blocking of TGF-BR2. Adiponectin induced higher mRNA levels of FN1, MMP1,
MMP3, TIMP1, TIMP3, and TGF-BR2 in a dose-dependent manner, but did not significantly
affect COL1A or TGF-B. In addition, adiponectin was shown to upregulate FN1, MMPs, and
TIMPs after blocking of TGF-BR2. Immunofluorescent microscopy revealed that adiponectin
promoted a greater synthesis of ECMs than in the control in vitro. The finding that adiponectin
upregulated ECM-associated factors might mean that high levels of adiponectin could modu-
late dermal fibrosis was observed in recipients with ¢cGVHD. Further basic investigation is
warranted to elucidate whether the adiponectin-pathway could be a target for the treatment
of sclerotic cGVHD. © 2014 ISEH - Society for Hematology and Stem Cells. Published
by Elsevier Inc.

Allogeneic stem cell transplantation (SCT) is an important or inhibition of immune cells, including T and B cells
curative treatment for hematologic diseases. However, SCT {2,7-81. However, few reports have focused on other endo-

is associated with many adverse complications, including
graft-versus-host disease (GVHD). GVHD is thought to be
the result of alloreactive and autoreactive interactions among
donor T and B cells, host antigen-presenting cells, and host
tissues {1~3}. In particular, chronic GVHD (cGVHD) signif-
icantly impairs the recipient’s quality of life [{4.5]. The
detailed mechanism of ¢cGVHD has not been elucidated,
although previous reports have investigated various bio-
markers for cGVHD {6]. Almost all these biomarkers were
shown to be 1nﬂammatory cytokines, such as tumor necrosis
factor o, soluble interleukin-2 receptor, and soluble B cell
activation factor, which are associated with the activation

Offprint requests to: Yoshinobu Kanda, M.D., Ph.D., Division of Hematol-
ogy, Saitama Medical Center, Jichi Medical Un1vers1ty, 1-847, Amanuma-cho
Omiya-ku, Saitama 330-8503, Japan; E-mail: odp

crine substances in the view of pathophysiology of cGVHD.

Recently, it has been revealed that adiponectin, an adipo-
kine that is secreted by adipose tissues, plays an important
role in immunity and inflammation [10--15]. Adiponectin
is thought to exist in a globular 1soform, trimers, and
middle-/high-molecular-weight MM W/HMW-) multimers.
AdipoR1, AdipoR2, and T-cadherin have been identified as
specific receptors for each, respectively {161, The functions
of adiponectin are diverse and may depend on the target
organ and its isoforms {16.17].

We recently reported that hlgh levels of HMW-adiponectin
were observed after SCT in recipients who suffered from
c¢GVHD, and were associated with the severity of cGVHD
{181, However, it is still unclear whether the increase in
HMW-adiponectin is a primary or secondary event, as is

0301 472X/$ - see front matter. Copynﬂht © 2014 ISEH - Society for Hematology and Stem Cells. Published by Elsevier Inc.
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the role that HMW-adiponectin plays in the pathophysiology
of cGVHD. We hypothesized that HMW-adiponectin might
have fibrotic or antifibrotic effects on dermal fibroblasts,
because skin fibrosis is a major symptom of ¢cGVHD. Skin
and organ fibrosis are both defined as the excessive deposition
and accumulation of extracellular matrix (ECM), including
collagen type 1 and fibronectin | 19}, This ECM is produced
by dermal fibroblasts, and is known to be increased in sclero-
derma {20}, The ECMs produced by fibroblasts are regulated
by matrix metalloproteinase (MMP), which can degrade
ECMs, and by tissue inhibitor of metalloproteinase (TIMP),
which can inhibit the activity of MMPs. Therefore, MMPs
might improve fibrosis, whereas TIMPs might accelerate
the deposition of ECMs and fibrosis {19]. Both MMPs and
TIMPs are also produced by fibroblasts.

To date, there has no thorough investigation of the effects
of HMW-/MMW-adiponectin on ECM, MMPs, and TIMPs
in dermal fibroblasts. Therefore, we assessed the changes in
the gene expression of ECMs and regulatory factors,
including transforming growth factor (TGF), MMPs and
TIMPs, with or without MMW-/HMW-adiponectin in normal
dermal fibroblasts in vitro.

Methods

Fibroblast culture

A skin sample was obtained during plastic surgery with informed
consent. Superficial dermal samples were incubated with 0.25%
trypsin and 0.02% ethylenediaminetetraacetic acid (EDTA) in
phosphate-buffered saline (PBS) for 16-24 hours at 4°C, and the
epithelium was separated from the superficial dermal sample.
Next, human fibroblasts were isolated and cultured for explant
at 37°C under a humidified atmosphere of 5% CO, in fibroblast
growth medium including Dulbecco’s modified Eagle’s medium
with 10% fetal calf serum and 0.6 mg/mL glutamine. Approxi-
mately 3 weeks later, primary cultures were subcultured. These
dermal fibroblasts derived from a normal subject were used for
all experiments during 7-12 passages.

Human recombinant HMW-/MMW-oligomer-rich adiponectin
was purchased commercially (BioVendor, Asheville, NC, USA).
Fibroblasts were cultured in a humidified atmosphere of 5% CO, at
37°C until subconfluence, and harvested with 0.025% trypsin and
0.01% EDTA. At day —1, 5,000 fibroblasts‘cm® were seeded in
each well of an IWAKI 24-well plate in M106 medium (Kurabo,
Osaka, Japan) containing 2% fetal bovine serum with 10 pg/mL
gentamicin and 0.25 pg/mL amphotericin. After 24 hours (at day 0),
each well was washed with PBS and exchanged for 0.5 mL of fresh
M106 medium with or without HMW-/MMW-adiponectin.

For the time-dependent assessment, 0 or 10 pg/ml of HMW-/
MMW-adiponectin was added to control and target wells, respec-
tively. Fibroblasts were collected at 0, 24, 48, and 72 hours after
the addition of adiponectin.

For the dose-dependent assessment, 0, 1, 5, 10, or 20 pg/mL of
HMW-/MMW-adiponectin was added to each well. Fibroblasts
were collected 3 days after the addition of adiponectin. The adipo-
nectin level in normal subjects is considered to range between
2 and 10 pg/ml | {1161

Furthermore, we compared the gene expression of ECMs,
MMPs, and TIMPs under TGF-f receptor 2 (TGF-BR2)-blocked
conditions using 20 pg/ml of anti-human TGFE-BR2 antibody
(R&D  Systems, Minneapolis, MN, USA) and 20 pg/ml of
HMW-/MMW-adiponectin. A dose of 10-20 pg/mL of antihuman
TGEF-BR2 antibody has often been used for the neutralization of
TGF-pathways {211, In the same manner as described earlier,
fibroblasts were collected 3 days after cytokine administration.
The targets and controls each included two or three wells.

Messenger RNA extraction, complementary DNA synthesis,

and quantitative real-time reverse-transcript polymerase chain
reaction

After fibroblasts were collected, messenger RNA (mRNA) extrac-
tion and complementary DNA (cDNA) synthesis were performed
using an RNAspin mini RNA isolation kit (GE Healthcare, Tokyo,
Japan) and SuperSeript 11T First-Strand Synthesis SuperMix for
gRT-PCR (Life Technologies, Tokyo, Japan) according to the
respective manufacturer’s instructions. We then performed quanti-
tative real-time reverse-transcript polymerase chain reaction
(qRT-PCR) using Tagman Universal Master Mix II (Life Technolo-
gies, Tokyo, Japan) according to the manufacturer’s instructions.
All specific primers and probes for targets and internal control genes
were purchased from Life Technologies (Tokyo, Japan): T-cadherin
(Hs00169908_m1%*), fibronectin 1 (FN1) (Hs01549976_m1%*),
collagen type I alpha 2 (COL1A2) (Hs00164099_m1*), TIMP-1
(Hs00171558_m1#), TIMP-3 (Hs00165949_m1*), MMP-1
(Hs00899658_m1*), MMP-3 (Hs00968305_m1%), TGF-B1
(Hs99999918_m1), and TGF-BR2 (Hs00234253_m1¥). B-actin
(433762F) was used as an internal control. All qRT-PCR procedures
were performed with a 7900HT FAST Real Time PCR system (Life
Technologies, Tokyo, Japan). Relative transcripts were determined
by the following formula; 27T tarzet - €T control)

Immunofluorescent microscopy

Observations of ECMs in vitro were performed by immunofluores-
cent microscopy as described in previous reports [22--241. At day
—1, 5,000 fibroblasts/cm® were seeded on cover glasses in
IWAKI 35 mm dishes with M106 medium (Kurabo, Osaka, Japan)
containing 2% FBS. After 24 hours (day 0), each dish was washed
with PBS and exchanged for fresh M106 medium without any cy-
tokines, with 20 ng/mL of TGF-f or 20 pg/mL of HMW-/MMW-
adiponectin. At day 4, cells were washed with PBS and fixed with
3.3% formaldehyde of CellFIX (BD Biosciences, Tokyo, Japan)
for 15 minutes and 0.5% triton X (Nacalai Tesque, Kyoto, Japan)
for 5 minutes. After three washes with PBS, the samples were
blocked with PBS containing 2% FBS for 30 minutes. After three
washes with PBS, the samples were incubated with primary anti-
bodies of anti-fibronectin IgG produced in rabbit (1:200 in PBS;
F3648; Sigma, Tokyo, Japan) and anti-collagen typel IgG pro-
duced in mouse (1:1000 in PBS; C2456; Sigma) at 4°C for
4 hours. After three washes with PBS, anti-rabbit IgG produced
in chicken AlexaFluor488 (A21441; Life Technology) and anti-
mouse IgG produced in donkey AlexaFluor594 (A21203; Life
Technologies) were added (1:500 in PBS for each) and incubated
for 30 minutes. ProLong Gold Antifade Reagent with 4,6- diami-
dino-2-phenylindoldilactate (Life Technologies, Tokyo, Japan)
was added to each sample after three washes with PBS. Images
were obtained by laser confocal microscopy (Fluoview Systems
FV500; Olympus, Tokyo, Japan).
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Immunohistochemistry analysis of skin

Immunohistochemistry (IHC) analyses for fibronectin, MMP-1,
MMP-3, TIMP-1, TIMP-3, and TGF-BR2 were performed using
formalin-fixed, paraffin-embedded skin samples of a healthy sub-
ject and a patient with cGVHD of the skin. In addition, we exam-
ined monocyte chemotactic protein-1 (MCP-1) as a representative
of proinflammatory cytokines, because it is known to be induced
by adiponectin in autoimmune arthritis | 11,12}, The samples of
a healthy subject were purchased commercially from ILSBio
(Chestertown, MD, USA). The skin samples of cGVHD-involved
and noninvolved regions were obtained from an autopsy of a pa-
tient with skin cGVHD who received steroid administration for
3 years for GVHD and finally died of sepsis-induced thrombotic
thrombocytopenic purpura.

Sections (4 pm each) were deparaffinized with xylene and
ethanol. Next, the sections were treated with 0.125% trypsin at
37°C for 10 minutes for fibronectin, high pH 9.0 in Tris-EDTA so-
lutions at 97°C for 40 minutes for MMP-3 and TGF-BR2, and low
pH 6.0 in citric acid solutions at 97°C for 40 minutes for MMP-1,
TIMP-1, TIMP-3, and MCP-1, respectively. Next, they were incu-
bated with primary antibodies at room temperature for 30 minutes
in the following dilutions: anti-fibronectin IgG produced in rabbit
(1:800, F3648; Sigma), anti-MMP-1 IgG produced in rabbit
(1:400, GTX100534; Genetex, Irvine, CA, USA), anti-MMP-3
IgG produced in rabbit (1:1000, GTX100723; Genetex), anti—
TIMP-1 IgG produced in mouse (1:200, MS-606-p0; LVC, Fre-
mont, CA, USA), anti-TIMP-3 IgG produced in rabbit (1:400,
L1.C250885; Abbiotec, San Diego, CA, USA), anti-TGF-BR2
1gG produced in rabbit (1:400, LLC250880; Abbiotec), and
anti-MCP-1 IgG produced in rabbit (1:400, 500-P34; Peprotech
Rocky Hill, NJ, USA). Thereafter, using EnVision Flex detection
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system (DAKO, Tokyo, Japan) with Autostainer Link48 (DAKO),
the secondary reactions were performed according to the manufac-
turer’s instructions. After peroxidase blocking for 5 minutes, the
sections were treated by EnVision FLEX polymer (DAKO). The
nuclei were stained with hematoxylin. These views were obtained
with Nano Zoomer 2.0RS (Hamamatsu Photonics, Hamamatsu,
Japan) and NDP.view2 (Hamamatsu Photonics).

Statistical analysis

Student # test and analysis of variance followed by post hoc Tukey
multiple comparisons were used for comparisons of mRNA
expression in fibroblasts. In addition, the Jonckheere-Terpstra
test was used to assess dose dependency. Statistical significance
was defined as a two-tailed p < 0.05. All statistical analyses
were performed with EZR (Saitama Medical Centre, Jichi
Medical University; htip://www. jichiac jp/saitama-set/SaitamaliP,
fles/statmedEN himl) [44], which is a graphical user interface
for R (The R Foundation for Statistical Computing, version
2.13.0). More precisely, it is a modified version of R commander
(version 1.6-3) that was designed to add statistical functions that
are frequently used in biostatistics. This study was approved by
the institutional review board of Jichi Medical University.

Results

Expression of T cadherin in fibroblasts

The expression of T-cadherin, the receptor of HMW-/
MMW-adiponectin, is known to differ according to the
target organ {25]. Therefore, we first confirmed that T-cad-
herin is expressed in human dermal fibroblasts (Fig. [A

B r.cadherin

kkk
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Adiponectin yg/ml

Figure 1. Comparisons of the relative transcripts of T-cadherin. Comparisons of the expression of T-cadherin evaluated by gRT-PCR (A) in a time-
dependent manner at 0, 24, 48, and 72 hours after 0 or 10 pg/mL of high- or middle-molecular-weight adiponectin administration and (B) in a dose-
dependent manner 3 days after adiponectin administration (0, 1, 5, 10, or 20 pg/mL). The comparisons are shown between target and control cells.

#p < 0.05; **p < 0.01; ¥*¥*p < 0.005.
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and B). The expression of T-cadherin at 48 and 72 hours
after HMW-/MMW-adiponectin administration was higher
1A), and this effect was dose
Jonckheere—Terpstra

than that in controls (Fig.
dependent (P < 0.0001,

Fig. IB).

A FN1

H. Nakasone et al./ Fxperimenal Hemaiology 2004:42:261-273

100}

80

60

With ADN

*kk

c COL1A2

157

107

N.S. in each

T T

OH 24H

T

48H

72H

Time- and dose-dependent effects of HMW-/MMW-
adiponectin on gene expression in normal dermal
Jibroblasts

Extracellular matrix expression. Next, we assessed the effect
of HMW-/MMW-adiponectin on gene expression for FN1
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Figure 2. Comparisons of the relative transcripts of extracellular matrix. Comparisons of the expression of extracellular matrix evaluated by gRT-PCR for
(A, B) fibronectin 1 (FN1) and (C, D) collagen typel alpha2 (COL1A2)—(A, C) in a time-dependent manner at 0, 24, 48, and 72 hours after 0 or 10 pg/mL of
high- or middle-molecular-weight adiponectin administration and (B, D) in a dose-dependent manner 3 days after adiponectin administration (0, 1, 5, 10, or
20 pg/mL). The comparisons are shown between target and control cells. *p < 0.05; **p <0.01; ***p < 0.005.
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Figure 3. Comparisons of the relative transcripts of metalloproteinase families. Comparisons of the expression of metalloproteinase families evaluated by quan-
titative real time polymerase chain reaction for (A, B) MMP-1, (C, D) MMP-3, (E, F) TIMP-1, and (G, H) TIMP-3—(A, C, E, G) in a time-dependent manner at
0, 24,48, and 72 hours after 0 or 10 pg/mL of high- or middle-molecular-weight adiponectin administration and (B, D, F, H) in a dose-dependent manner 3 days
after adiponectin administration (0, 1, 5, 10, or 20 ug/mL). The comparisons are shown between target and control cells. *p < 0.05; **p < 0.01; ***p < 0.005.

and COL1A2. The expression of FN1 was 2.0-, 1.8-, and 4.0- dent: 1.4-,3.0-,4.7-, and 7.8-fold higher than that in the control
fold higher than that in controls at 24, 48, and 72 hours after for fibroblasts cultured with 1, 5, 10, and 20 pg/mL of adipo-
administration, respectively (Fig. 2A). The effect of HMW-/ nectin, respectively (p < 0.001, Jonckheere—Terpstra test;

. 2B). On the other hand, there was no difference in the

MMW-adiponectin on the expression of FN1 was dose depen- F
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Figure

expression of COL1A2 between fibroblasts with and without
HMW-/MMW-adiponectin (¥ig. 2C and D).

Metalloproteinase expression. Among metalloproteinase
families, we measured the gene expression of MMP-1,
MMP-3, TIMP-1, and TIMP-3 because the expression

3. (continued).

of MMP-1, MMP-3 and TIMP-1 is known to be associated
with dermal fibrosis in patients with systemic sclerosis [ 261,
In addition, TIMP-1 and TIMP-3 are highly expressed in
skin involvement of GVHD {271.

The expression of MMP-1 in fibroblasts with HMW-/
MMW-adiponectin increased in a time-dependent manner,
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Anti-fibronectin

Anti-collagen type1

Merged view

Figure 4. Immunofluorescent microscopy of fibroblasts. Microscopic views 4 days after cytokine administration: (A) a control sample without cytokines, (B) with
20 ng/mL of TGF-B1, and (C) with 20 pg/mL of high- or middle-molecular weight-adiponectin. Green (right), red (middle), and blue (all) signals indicate
anti-fibronectin, anti-collagen type 1, and nuclei of cells, respectively. Images on the right are combinations of the other images. Scale bars, 200 wm.

whereas MMP-1 expression in fibroblasts without HMW-/
MMW-adiponectin increased 24 hours after administration
and then decreased (Fig. 3A). The expression of MMP-1
was dose-dependently higher than that in controls: 5.1-,
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7.0-, 15.4-, and 32.6-fold higher in wells with 1, 5, 10,
and 20 pg/mL adiponectin, respectively (p < 0.001, Jonck-
heere—Terpstra test; Fig. 3B). The effect of HMW-/MMW-
adiponectin on the expression of MMP-3 in fibroblasts
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became apparent at 48 hours or later; 1.2-, 2.2-, and 5.1-
fold higher than that in controls at 24, 48, and 72 howrs after
administration, respectively (Fig. 3C), and this effect was
dose dependent (p < 0.001, Jonckheere-Terpstra test;
Fig. 3D).

The effect of HMW-/MMW-adiponectin on the expres-
sion of TIMP-1 in fibroblasts was similar to that on the
expression of MMP-1 and MMP-3, with an apparent
dose-dependent effect at 48 hours or later (Fig. 3E and
F). In contrast, the effect of HMW-/MMW-adiponectin on
the expression of TIMP-3 appeared earlier: 1.8-, 3.1-, and
2.3-fold higher than that in controls at 24, 48, and 72 hours
after administration, respectively, although the total expres-
sion started to decrease 48 hours after administration in
wells with and without adiponectin (Fig. 3G). The effect
of HMW-/MMW-adiponectin on the expression of TIMP-
3 was also dose dependent (p < 0.001, Jonckheere—Terp-
stra test; Fig. 3H).

Immunofluorescent microscopy

Based on our observations, we assessed whether HMW-/
MMW-adiponectin could produce or degrade ECMs
in vitro. Under the current experimental setting, HMW-/
MMW-adiponectin seemed to induce greater synthesis
and deposition of both fibronectin and collagen type 1
than that in the control, and the effect seemed to be compa-
rable to that of TGF-B1 (Fig. 4).

TGF-B1 and TGF-BR2 expression

Next, we assessed whether HMW-/MMW-adiponectin would
produce TGF-Bl and TGF-fR2, a well-known fibrogenic
cytokine and receptor. There was no significant difference
in the expression of TGF-B1 between fibroblasts with and
without HMW-/MMW-adiponectin in this experimental
setting (Mig. 5A and B). On the other hand, the expression
of TGF-BR2 was 1.9- and 1.6-fold higher than that in the
control group at 48 and 72 hours after administration, respec-
tively (*ig. 5C). The expression of TGF-BR2 was dose-
dependently higher than that in the control group; 1.6-,
1.8-, 2.2-, and 3.4-fold in wells with 1, 5, 10, and 20 ug/
mL of HMW-/MMW-adiponectin, respectively (p < 0.001,
Jonckheere—Terpstra test; Fig. 5D).

Effect of HMW-/MMW-adiponectin under TGF-BR2~
blocked conditions

Next, we assessed whether the effect of HMW-/MMW-adi-
ponectin was dependent on a TGF-f pathway under TGF-
BR2-blocked conditions. The increased expression of
ECMs, MMPs, and TIMPs by HMW-/MMW-adiponectin
was not suppressed by the addition of anti-TGF-BR2 anti-
body (Fig. 6A-F).

Immunohistochemistry analysis of skin cGVHD

Immunohistochemistry was performed for samples of a
normal subject, cGVHD-involved and noninvolved skin re-
gion of a patient with skin cGVHD. A diffuse increase of

fibronectin expression with strong staining was observed in
dermis of the involved region of skin ¢GVHD compared
with normal skin and noninvolved region of skin cGVHD
(Fig. 7). TGF-BR2, MMP-3, and MCP-1 were stained mainly
in duets and endothelial cells. An increase of spindle cells
that express TGF-R2 (strong staining), MMP-3 (relatively
weak staining), and MCP-1 (weak and small amount) were
observed especially in papillary dermis of the involved re-
gion of skin cGVHD compared with normal skin and nonin-
volved region of skin cGVHD (Fig. 7). In addition, they were
increased in epidermis of both involved and noninvolved skin
regions of the patient compared with normal skin. Cells with
MMP-1 expression were also observed in the dermis of the
involved region of skin cGVHD, although they were few in
number and sporadic with a weak staining (Fig. 7). On the
other hand, we could not find any differences in the expres-
sions of TIMP-1 and TIMP-3.

Discussion

Adiponectin has been shown to have both proinflammatory and
anti-inflammatory functions [ 2], In obesity-related diseases
such as diabetes mellitus, adiponectin is thought to induce
IL-10, and to have anti-inflammatory effects and protect
against cardiovascular events [10,11]. On the other hand,
high adiponectin levels have been observed and associated
with the disease severity in autoimmune diseases including
rheumatoid arthritis, systemic lupus erythematosus, inflamma-
tory bowel disease, and diabetes mellitus type 1 {15.17.28-3 1],
In addition, adiponectin stimulated the secretion of proinflam-
matory cytokines, including 1L-6, IL-8, and MMPs, in animal
models [32]. Although there have been few reports on systemic
sclerosis, high adiponectin levels were positively correlated to
disease duration and a high skin-thickness score {33 1. In addi-
tion, it has been shown that the skin of nonobese people, who
are thought to have higher adiponectin levels, is thicker than
that of obese people [34].

The controversy regarding whether adiponectin has a
proinflammatory or anti- inflammatory effect might be
due to the fact that most observations and animal models
have been based on the use of mixtures of all of the
isoforms of adiponectin. Recently, it has been suggested
that adiponectin might have different effects on different
target cells and tissues, and that its functions might be
different according to its isoforms {16,17]. Therefore, we
used only HMW-/MMW-adiponectin in our experiments.
In addition, no previous study has assessed the effect of adi-
ponectin on not only ECM but also both MMPs and TIMPs
in human dermal fibroblasts (Table 1) {35-42]. Therefore,
we assessed the effects of HMW-/MMW-adiponectin on
human dermal fibroblasts.

The current study showed that HMW-/MMW-adiponec-
tin induced higher gene expression and synthesis of FN1 in
dermal fibroblasts. On the other hand, HMW-/MMW-adipo-
nectin did not affect the gene expression of COL1A2, but
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Figure 5. Comparisons of the relative transcripts of TGF-$1 and TGF-BR2. Comparisons of the expression of TGF-B1 (A, B) and TGF-BR2 (C, D) evaluated
with qRT-PCR—(A, C) in a time-dependent manner at 0, 24, 48, and 72 hours after 0 or 10 pg/mL of high- or middle-molecular-weight-adiponectin admin-
istration and (B, D) in a dose-dependent manner 3 days after adiponectin administration (0, 1, 5, 10, or 20 pg/mL). The comparisons are shown between target

and control cells. *p < 0.05; *#*p < 0.01; ***p < 0.005.

did induce the greater deposition of collagen type 1 than in
the control, which is consistent with a previous report that
adiponectin upregulates the secretions but not the gene
expression of collagen {431.

It is well known that TGF-B1 is associated with the
accumulation of ECMs and fibrosis {19,201, HMW-/
MMW-adiponectin did not have a significant effect on the
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expression of TGF-B1. On the other hand, it significantly
upregulated the expression of TGF-BR2. However, the
promoting effects of HMW-/MMW-adiponectin on ECM
expression were not suppressed by the neutralization
of TGF-BR2. Therefore, HWM-/MMW-adiponectin can in-
crease the expression of ECM independent from the
TGF-BR2 pathways.



